Introduction
Agricultural and agrofood production processes are actually resource intensive processes. These processes bear a high level of environmental effects associated with life cycles of the agrofood chain, such as primary energy consumption, water exploitation, and global warming [Beccali 2009 ]. In addition the sector needs to improve its economic efficiency in order to survive in the face of intensifying global market competitiveness. Agricultural and agrofood production processes are often not standardized nor optimized, and each specific producer may employ individualized processes. Therefore, in many cases, current agricultural productions use suboptimized processes.
Evidence suggests that many agricultural processes could yield better performance, in terms of resource consumption, cost saving and an improvement in product quality. In this context a practical application of the Lean Six Sigma (LSS) method is presented in this paper. However it is not the authors' purpose to offer a universally suitable solution to critical aspects of agricultural processes. The objective is to illustrate how it is possible to track expensive, but hidden flaws in agricultural productive processes, and subsequently determine the best way to resolve the problems through a structured, fact based method, such as LSS. In fact, through LSS, it is possible to identify the areas of inefficiency and failures and then remove the possible causes in order to improve the overall quality of the process.
The LSS method was initially applied to improve manufacturing industry processes. In the last few years, however, companies have successfully applied LSS to make improvements in various different sectors [Brady 2006 ]. These examples demonstrate the potential of the LSS method and the generality of its approach. Considering that some of the most powerful LSS Tools were first used in Agriculture to improve yield (e.g. Fisher Design of Experiment and Analysis of Variance), at present, the applications of LSS in the agriculture context are still very few [Tylutki 2002; Tylutki 2004; Guo 2008] .
Lean Six Sigma method
The LSS is a rigorous and systematic methodology, which uses information and statistical analyses to measure and improve the performance of processes. LSS is a highly disciplined method that helps to focus on developing near-perfect products and services [Citti 2004; Breyfogle 1999] . The development of LSS is based on the combination of tools from both Lean Manufacturing and Six Sigma [George 2003; Devane 2004] (Fig. 1) . In particular Lean Manufacturing focuses mainly on speed and waste reduction connected to non-value-added activities. Traditional Six Sigma focuses on quality improvement and reduction of waste connected to process variability [Goh 2004; Harry 2000; Raisinghani 2005] . When these methods are combined, they result is a higher quality process, which is faster and consumes fewer resources. In fact Lean Manufacturing and Six Sigma are synergistic approaches that reduce waste and improve processes [Breyfogle 2001 ]. The two methodologies are explained extensively in scientific literature [Brady 2006; Pyzdek 2003; Harry 2000; Ohno 1988 ]. In the present paper only the main characteristics of LSS are summarized.
Lean Six Sigma uses a problem-solving algorithm called DMAIC. This stands for Define, Measure, Analyze, Improve and Control [Citti 2008; Giorgetti 2009] (Fig. 2) . DMAIC has proven itself to be one of the most effective problem solving methods because it assists in the usage of data to:
• Understand the nature and extent of the problem;
• Identify root causes of the problem;
• Find solutions that evidence shows are linked to the causes; • Establish procedures for maintaining the solutions even after the project is completed.
"Define" is the phase in which project goals and boundaries are defined, and the problem to be solved is identified. In this phase, the goal is to pinpoint the location or source of the problem as precisely as possible by building a factual understanding of existing process conditions and issues. This knowledge assists in narrowing the range of potential causes to be investigated in the "Analyze" phase.
The "Measure" phase is the heart of LSS. In this phase, the existing measurement system is evaluated, the process is observed, data is gathered and the process is mapped. Having stratified the data in the baseline performance, it detects the location or the source of the problems by building a factual understanding of the existing process' conditions and problems, which will help to focus the problem statement.
The purpose of the "Analyze" phase, is to make sense of all the information and data collected in the Measure phase. The data is used to confirm the source of delays, waste, and poor quality. In this phase theories of root causes are developed, then subsequently confirmed with data, and finally the root causes of the problem are identified. The verified causes form the basis for solutions in the "Improve" phase.
The purpose of Improve is to make changes in the process that reduce defects, waste or cost. In this phase, many possible solutions are identified and developed, involving the review of existing Best Practices to determine if any may be adapted to the current situation, the development of criteria for selecting a solution, piloting the chosen solution, and planning for full-scale implementation.
In the "Control" phase, the results are checked and a long term strategy is planned, in order to maintain the improvement accomplished. Control is necessary to make sure that the solution is correct and sustainable over the time.
Materials and Methods

Introduction to the process
The example of LSS implementation described below was chosen for its simplicity and completeness among many projects developed in an Italian, highquality winery. The example of LSS implementation presented in this paper is focused on the procedure for transferring liquid housed in the cellar. In fact, in winemaking plants it is necessary to move conspicuous amounts of liquid many times. The product is partitioned in lots and stored in tanks to allow for efficient management. Every lot needs to be moved many times between tanks before the finishing and bottling process. Transferring the liquid is usually done with pumps and pipes, as is shown in Figure 3 .
In the example shown below, the cellar layout is flat and tanks are positioned at the same level. This configuration creates the problem of collecting residual liquid in the flat running piping below the pump level (as shown as a dashed line in Fig. 3 ) at the conclusion of each liquid transfer session. As a matter of fact, pumps are unable to pump liquid out if the section of piping is not filled with liquid.
The classic way to solve this problem is to place the pump near the input tank (Y) and lift manually the pipe from output tank (X) to input tank (Y) while the pipe is emptied by the pump, in order to eliminate the siphon and avoid an inrush of air. The second part of the pipe, between the pump and the input tank, is then disconnected from the tank and emptied in a bin that will be added to the tank manually.
At first inspection, the result of the classic transfer operation seems quite good when the advantages are compared to the disadvantages. The transfer of ten thousand liters of wine requires some extra work, but ends with only a puddle of wasted product on the ground. Also this procedure is not necessary every time. When it is possible, other transfers can be made without having to discharge the pipeline. For these reasons the product loss seems negligible. The classic piping discharge procedure does not appear to be as critical, and therefore its implementation does not seem necessary if we trust these observations alone.
LSS way.
The application of the LSS method to the same case bring us to different conclusions. First of all, a more objective evaluation of the importance of this problem is required. First, observations are made, leaving an accurate quantification of the following phases of the project: 1 -In the cellar of the considered factory there are 130 tanks, with a total capacity of 1.3 million liters. Considering 130 tanks, and the same number of product lots, and assuming the need to move each lot ten times for every production cycle (that is equivalent to one year), a total of 1300 transfer operations are required every production cycle. As a result, there are 650 opportunities per productive cycle occurring for a loss of product, given that in the 50% of the operations the pipeline discharged is needed. 2 -The lost quantity of product with the current procedure is about 10 liters per movement. The movement is needed 650 times and so a total amount of 6,500 liters of product is lost with an estimated cost of 65,000 € per production cycle. 3 -Consider that a 50 meter long pipe with a 65 millimeters inner diameter contains about 165 liters of product. The empty pipeline weighs about 100 kilograms, and the total weight of the full pipe is between 250 and 300 kilograms, a weight that is difficult to be lifted manually, even if it is lifted in sections. 4 -The time needed for each discharge operation could be estimated to be about 10 minutes; that equates to a hundred working hours per production cycle.
The critical nature of the transfer process and the potential waste incurred mandates deeper analysis, and measurements are needed to verify the initial observations. The following characteristics need to be quantified:
• The wasted product per discharging operation;
• The number of discharging operations in a productive cycle; • The time needed to discharge the pipeline manually.
The estimate of lost product is calculated by the measurement of the residual product left inside the pipeline after the discharging process. When the pipeline then is disassembled and washed, the residual product left inside will be wasted. The best way to collect and measure the product left seems to be washing the pipeline with water, collecting the washing effluent and measuring its total volume.
A sample of the washing effluent should be taken and its color intensity is measured. The method used to determine color intensity is to sum optical densities, measured with a spectrophotometer at 420, 520 and 620 nanometers wavelength. The obtained value is then compared with values obtained by samples of the same product at known dilutions.
The relationship that allows to determinate the product loss volume is the following:
where V p is the product loss volume, V a is the total volume of washing effluent and C p is: with V tot the total volume of fluid and V lost the volume lost in washing effluent.
The results obtained by the analysis of 48 samples are shown in Figure 4 . The mean of lost product is approximately 15 liters and the standard deviation is quite high at about 5.6 liters. This variability is related mainly to the complex relationship between the volume of lost product and many different factors, such as the pipeline length and the degree of attention used in the manual discharge procedure. However, considering Figure 4 , it is possible to conclude that the sample mean is an acceptable approximation for the lost product, noting that the same care is taken at every moment of the production cycle and there is the same probability of using long or short pipelines. These assumptions were made as there is no logical and experimental evidence to account for some of the differences during the production cycle, and by making such assumptions, it is possible to extend the result to the whole production cycle.
The number of loss occurrences is determined by having workers record daily the number of discharging operations and the total number of transferring operations. The ratio between these values is called Loss Index (L i ), and is defined as: (3) where, O p is the Number of daily pipeline discharging operations and O t is the Number of daily transferring operations.
Also in this instance it is not necessary to extend the analysis to the whole production cycle. There is no stage of production where it appears to be necessary to discharge pipelines more often than in other stages, so there are no special causes in a production cycle that can generate a different behavior of L i . For this reason the Loss Index can be extended to the whole production cycle. The values of L i , obtained by a 30 days data collection, are shown in Figure 5 .
By estimating the Loss Index it is possible to calculate the total occurrences resulting in a loss in the whole production cycle. This calculation requires the total amount of transfer operations during the production cycle. It is impossible to know that number until the current cycle is completed. In any event, the cycle's historical data can be relied upon, as there were no changes in production procedures and in the process between these cycles. From past cycle registrations, 2200 transfer operations per production cycle were found. Using this value in the calculations, 400 loss occurrences per production cycle are obtained and the total product losses are quantified at 6,000 liters per production cycle. Compared with the total cycle production, quantified at 1.3 million of liters, the product losses caused by the analyzed procedure are about 0.46%. The timing of the manual discharge of the pipeline has been estimated considering 45 operations, with different operators on various pipeline lengths. In this case too, the results are considered to be applicable to the whole production cycle, because of reasons discussed above. Data in Figure 6 show the mean of measured time for manual discharging is 415 seconds (about 7 minutes).
Results and Discussion
The result of the quantitative analysis discussed above highlights the importance of this process as a critical point and the importance of finding a solution.
The solution must follow at least one of the following directives:
• The reduction of number of events generating a loss; • The loss reduction per event;
• The reduction of discharging time and hardness of work. The first target is clearly not attainable, as discharging occurs for mandatory reasons, such as sanitary purposes or product incompatibility. Prior to implementing a project, the boundaries imposed by the producer must be considered: -No modifications on cellar layout; -No modification on tanks; -No bulky equipment obstructing the passage between tank's rows. One possible solution is to discharge the pipeline using a rubber sphere. In fact operators could effectively "push out" the liquid from the pipeline sliding inside a sphere and pushing it with a proper fluid. This sphere must be flexible and of a suitable diameter.
A second possible solution is to suspend the pipeline to form a descending path from the output tank to the pump, avoiding the possibility of forming a siphon configuration. This solution is theoretically feasible, but not at all practical, because of the temporary character of each pipeline. In addition a flying pipeline running through the cellar could be an obstruction for workers and machinery.
The first idea does not seem to have the greater difficulties associated with the latter idea, and therefore, the first method was chosen.
Before thinking of the practical realization of the improvement solution, it is necessary to be conscious of problems related to this new procedure:
• The sphere cannot pass by the pump. It is a necessity to have a pump somewhere between input and output tanks; • The sphere has to be inserted inside the pipeline without disassembling it; • The sphere must be prevented from entering the tank at the end of discharging operation; • It is necessary to choose a suitable fluid to propel the sphere. Gases appear to be better than liquids because the risk of mixing with the product is reduced. However some gases, such as carbon dioxide, are sometimes miscible with the product. A new layout, solving the problems discussed is shown in Figure 7 . In order to remedy the first problem, the position of the pump must be altered. The new layout, with the pump placed very near to the output tank, allows the first part of the pipeline, between output tank and pump, to discharge automatically. The use of a short link avoids the siphon configuration of piping on the first part of the line. As the height of the bottom of the tank is greater than the height of the pump, we have a strictly descending link that will discharge itself automatically. It is then possible to insert the sphere after the pump to discharge the remaining part of the line. A tap is required to avoid the reflux of the product, while the sphere insertion hatchway is open. This is caused by the differential between atmospheric pressure and hydrostatic pressure of the liquid inside the input tank. After the sphere is inserted inside the line, it is forced through the pipe by a propeller.
In the analyzed winery there is a nitrogen generator and a distribution circuit around the cellar, which is also used for other operations. Nitrogen is a good choice, because it has a low solubility in the wine, and has no effect on it. Theoretically, it is possible to also use pressurized air, however, this could adversely affect the quality of the product, due to the oxygen content. In the presented case the Nitrogen has been chosen, despite the higher cost of production and pressurization of this propeller.
A very coarse filter is placed at the end of pipeline. It will produce a very low flow reduction, but will prevent the sphere from entering the input tank.
The new procedure's operations can be summarized as follows: The control applied to this new procedure, in order to maintain desired results, is based on the check of the sphere integrity. The trend of losses for 12 weeks has been measured on many lines and the wear of the sphere caused by rubbing against interior piping walls has been registered. As shown in Figure 8 , losses trend rises rapidly after eight weeks of use in our plant. So the sphere has to be substituted every 10 weeks to maintain a good process performance.
Testing this new procedure with the methods explained above, we found the following results (the data was collected for 12 weeks and used to estimate the production cycle performance):
• No product was found in the washing effluent. The only significant loss of product was generated by the volume of the pipe between the filter and the tank's tap, which is about 0.3 liters per movement (120 liters per production cycle); • Time needed for discharging is lowered to only about 2 minutes, as shown in Figure 9 ; • The overall savings due to improved process are estimated in 47,500 € per production cycle; • The one-off cost for the implementation is 2,000 € (400 € per pumping line). The results obtained (Tab. 1) show the positive economic impact of the implementation, resulting from a very small investment. It is possible to reach annual production improvements and economic benefits that far outweigh the initial investment. The presented LSS project describes how specific hidden waste can be significantly reduced through the use of a structured scientific approach. The project's savings is consistent and demonstrate the power of the LSS approach in driving process and performance improvement in an agricultural and agrofood context.
Conclusions
This paper shows the development of a LSS project to improve the performance of the procedure for transferring liquid used in the cellar during the winemaking process in an Italian, high-quality winery. The aim is to show how it could be possible to improve agricultural production processes using a structured, systematic methodology such as LSS. The DMAIC algorithm permits to follow a clear and safe path from focus on the critical aspect, the analysis and development of corrective initiative, up to the verification of results and the maintenance of the improved process. The LSS methodology assists the study of the problem and assists in reaching the goal through the development of a modified process where all decisions are based on data and facts. The results obtained are important in terms of waste reduction, bearing greater economic efficiency, and increasing safety for employees. Modern agriculture has all the components of heavy industry namely: production, marketing, procurement and logistics. So it will be useful for this sector to have a reduction of waste, an increase in quality control, better pricing, and better logistics. These steps are clearly required for modern agriculture to meet the growing demands of quality food standards and increased attention to the consumption of resources. The application of a scientific method for prioritizing, planning and problem solving, such as LSS, results as a key factor to improve the longterm competitiveness of agricultural industries in global markets and increases the environmental quality of agricultural and agrofood products.
SUMMARY
This paper describes the application of a Lean Six Sigma (LSS) project to a winemaking process in a high-quality, Italian winery. LSS is used to focus on the problem through a quantitative analysis of waste and quality performances. The LSS basic algorithm (called "DMAIC") helps to detect and quantify critical aspects of the process for transferring liquid used in the cellar. The improvement solution is developed and applied through the modification of the cellar system and the process procedure. The results obtained with this solution are shown and discussed in this paper, so too the long term reliability of the improved process analyzed. The results obtained by this case study can help to understand the importance of the LSS method to drive the improvement of agricultural and agrofood productions also in terms of environmental impact which is strongly connected to waste reduction.
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